It is noted that while analyzing the tribosystems evolution it is potentially productive to use the methods of modern thermodynamics, nonlinear mechanics and quantum theory. Using the understandings of nonlinear dynamics and quantum-exchange interaction of solids surfaces an analytical expression is obtained for calculating the magnitude change of the tribosystems entropy. The expression for estimating the change in the tribosystems entropy is explicitly contained the tribotechnical parameter that is reciprocal to the wear. The case of relation between the tribosystems entropy change (decrease) and its wear resistance is analytically confirmed. The analytical expression for estimating the entropy change contains only those mechanical and physical parameters that can be measured by using modern physical methods. This allows to do not only an experimental verification of the obtained analytical dependence but also numerically evaluate the influence of the parameters of the tribosystems basic elements and its operating modes on the entropy values. In addition, it is possible to evaluate the tribosystems evolution itself and its constituent elements in the direction of their development or degradation. The obtained in this case data will allow proposing corrective structural and technological measures aimed to extend operational life of degrading elements and the tribosystem as a whole.
INTRODUCTION
The most important processes occurring during friction include the process of converting mechanical energy into its other forms and its subsequent dissipation. In this case, depending on the friction conditions, 84...93% of this energy is expended on the formation and displacement of dislocations and elastic deformation of the crystal lattice elements, which then again becomes the kinetic energy of atoms and molecules vibrations [1] . According to the Tross hypothesis, the conversion of mechanical energy into thermal energy can be accomplished either by elastic hysteresis or by a dislocation phenomenon. This entails an increase in temperature, mechanical activation of the lattice elements with such accompanying processes as tribosorption, triboadhesion, triboelectrization, physical transformations, tribocatalytic, tribochemical reactions, etc. Plastic deformation due to an increase in density of dislocations leads to hardening. If the recrystallization temperature is less than the body temperature then the lattice is continuously reformed. If, however, the energy density in the region of rubbing surfaces is greater than the energy density of fracture and microcutting does not occur then, in spite of local processes of melting and corrosion, separation of particles takes place; all this can lead to an abrupt change in wear characteristics. On the other hand if the body temperature is equal to the recrystallization temperature then as the sliding speed increases to a critical value the wear rate (according to the Tross) decreases.
Interesting studies on the energy balance of the metals external friction were carried out by B.I. Kostetskii and his colleagues. It was found that the frictional conditions affect not only the total amount of friction work but also the ratio between its main components: the amount of absorb energy and the amount of released heat. The ratio between the energy balance components depends on the materials properties of the rubbing elements, external loading and the physico-chemical characteristics of the operating environment [2] . At the same time, evolutionary changes in the tribosystem occur in all its constituent elements.
There are also known studies of friction and wear processes from the energy point of view carried out by D. Buckley, G. Fleischer, Rabinovich, A.D. Dubinin, G.I. Epifanov, A.P. Semenov, G.E. Svirsky, G.M. Bartenev and a number of other scientists-tribologists.
As noted by G. Polzer and F. Meissner [3] , most of the effects manifested in the friction of solids (crystal structure, as well as adhesion and cohesion phenomena) can be described on the basis of atomic-molecular interaction. The metal bond of atoms in a crystal can be estimated already on the basis of a general quantum theory. Metallic bonding of atoms in a crystal can be estimated already on the basis of a general quantum theory.
According to V.M. Kashcheev [4] , the binding forces in studies of friction and wear can be best characterized by the modulus of elasticity in shear and Debye characteristic temperature that could be determined with the use of purely quantum characteristics of frictional interacting bodies: the average frequency of atoms oscillation in the crystal, the Planck constant and the Boltzmann constant.
According to Adirovich and Blokhintsev [5] , who considered the interaction of two rough elastic bodies during sliding, as a result of the roughness peaks collisions elastic waves are generated that spread inside the rubbing bodies and disperse there. Such interaction is of the nature of short pulses (impacts).
For that time, the generation of elastic waves in the case of friction of rough elastic bodies represented a new and even revolutionary idea which gave an answer to the question of the physical nature of the friction forces dependence on the resultant sliding surfaces velocity. Under the proposed by Adirovich and Blokhintsev model it was first shown that inside the interacting bodies the energy flow is equal to the power dissipated by friction.
An approach of D.P. Markov, who proposed the original hypothesis of phonon friction, is of interest [6] .
Apparently, the final "quantum view" on the nature of the frictional forces took shape thanks to the work of the famous Ukrainian tribologist L.I. Bershadsky [7] .
To explain the evolutionary changes in tribosystems Bershadsky considered the forming of third phases as a consequence of the multifactor mechanical, physical and chemical interactions of dynamically contacting surface layers that occur by the exchange of energy flows and matter. To simplify the consideration of such an interaction L.I. Bershadskii proposed to use the concept of a quantum of frictional action called a "tribon". Unusual at first glance the proposal to replace all the variety of frictional manifestations with the exchange of quanta-tribons between friction surfaces does not at all contradict the fundamental physical concepts. A quasiparticle tribon is an equivalent replacement for the complex flow thermodynamic model of friction.
Subsequently, the basis for the evolution of tribosystems and the quantum mechanism of friction surfaces interaction were developed in [8, 9] .
Earlier [10] , when considering energy flows that are initiated by friction from the position of nonlinear dynamics, it was shown that the general thermodynamic function of energy flows as well as the rate of the tribosystem entropy change is determined by the squared power of frictional forces. The very exchange of elastic vibrations by conjugated surfaces perfectly fits into the quantum picture of force interaction.
The present paper is based on the ideas stated in [10] and is devoted to the further development of the methodology of using nonlinear dynamics and the quantum-exchange interaction of solid surfaces to obtain the analytical expression used in calculating the magnitude change of the tribosystems entropy. This should allow to implement a theoretical and experimental approach to assessing the evolution of both the tribosystem itself and its constituent elements.
METHODOLOGY
In carrying out the research presented in this article fundamental principles of system analysis, evolution of technical systems, thermodynamics, nonlinear dynamics, quantum theory and, to a large extent, author's own developments, were used.
DISCUSSION
In the most general form the entropy can be represented by the expression:
where S∑ is the tribosystem general entropy, So is the tribosystem initial entropy and ∆S is the change in the initial entropy of the tribosystem as a result of the influence of friction parameters and environmental factors.
Using the understandings of nonlinear dynamics and the theory of solitons we have previously obtained a modified equation for estimating the entropy rate of the tribosystem [10] :
where T is the temperature and Pf is the friction power.
T and Pf are determined from the following expressions:
where  is the minimum energy released in the actual touch-up points per unit time, 
The result (2) indicates a negative increase in entropy, and, consequently, a complication of the tribosystem -a creation of the third phase and so on.
where r N is the number of roughnesses on the friction surface and ) (t n is the number of friction cycles during the time t. In this case
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